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Abstract[] The structures and characteristics of the arthropod communities of jujube orchards with different habitats were analyzed 
based on the survey in the suburb of Taigu County[] Shanxi Province[] Northern China. The results indicated that the largest 
number of arthropod species and the least number of individuals were in the treatment with weed{] P <0.05[[] and the least 
number of arthropod species and the largest number of individuals were in the treatment without weeds] P < 0.050. In the 
comparison of species richness of different groups[] the phytophagous group was the largest[] but the predatory and parasitoid 
groups were the smallest in the treatment without weeds[] the phytophagous group was the least[] but predatory and parasitoid 
groups were the largest in the treatment with weeds. There were no significant difference{] P > 0.05[ of species and individuals 
within the parasitoid group between the treatment with soybean and the treatment without weeds. The analysis based on the 
Shannon-Wiener diversity index and relative stability values suggested that the richer the plant diversity[] the better regulation 
ability among arthropod communities. More crops and properly remaining weeds could reduce the possibility of natural enemies 
migrating out. In addition[] intercropping more crops in jujube orchards was more beneficial not only in getting a larger net return 


but also in increasing diversity and evenness of beneficial insects and decreasing the degree of pest dominance. 
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1 INTRODUCTION 


Jujube pests such as Ancylis [| Anchylopera [] 
sativa liull] Sucra jujuba[] Yang and Lil] 1992] 
Carposina niponensis Walsingham[] Scythropus 
yasumatrui Kono et Morimoto] Quadraspidiotus 
pernisiosu|] Comstock[[] Li et al.) 1992[] Shi et al. 
1994[] 1997[] and so on[] pose a threat to jujube 
production in North China[] both in terms of jujube fruit 
quality and international market share. When these 
pests reach large numbers[] which may occur during 
jujube tree sprouting[] but more frequently during jujube 
tree flowering and fruit production[] they can inhibited 
the trees growth{] thus reducing yield and net economic 
return{] Li et al .[] 1992[]. The biology and control of 
some of the major pests primarily in cultivated jujube 
orchards had been tentatively studied] Li et al .[] 1992] 
Shi et al .[] 1994[]. Although some coordinative control 
measures to jujube pests were thought to be among the 
principle methods in controlling them[] Li et al.[] 
1992[[] investigations involving how the community 
structures and characteristics of the arthropods are 





influenced by differently intercropped plants in jujube 
orchards have not been done until this current study. 

In recent years[] plant diversity and the way it 
influence pest population dynamics have been widely 
researched[] Altieri and Gliessman[] 1983[] Rischl] 
1983{] Jiang et al .[] 2000[]. This is partly due to the 
effects of residual insecticides that impel researchers to 
search for ways of controlling pests by using alternative 
biological and horticultural methods[] Bhotnagar and 
Davies] 1981[] Cromartie] 1981[] Mayse[] 19830 
Altieri] 1993[]. The objective of our study was to 
compare the differences in arthropod populations in 
jujube orchards with different interplanted weeds or 
crops. The study is beneficial to develop and improve 
methods that are ecologically sound and follow an 
integrated pest management approach for such jujube 
arthropod pests. 


2 MATERIALS AND METHODS 


2.1 Experimental sites 
The investigations were carried out from 2000 to 
2002 in the jujube orchards located 2.5 km west of 
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Taigd] 112°8’ EL] 38°9’ NO 780 m in elevation[]. Trees 
were 18 — 20 years old and in full fruit production[] with 
a height of 5 m and a shading-degree of 0.4 - 0.6°. 
Four jujube orchards were surveyed[] the first one was 
intercropped with soybean[] Glycine max[] and cotton 
O Gossypium hirsutum {[] the second one intercropped 
with soybean[] the third one had weeds cleared] clearing 
the weeds one time every 10 days[[] and the fourth one 
had weeds left. The crops or weeds covered 70% of 
every surveyed jujube orchard. Before 2000[] sampled 
sites were managed as any other jujube orchard in the 
area with conventional management methods[] in which 
insecticideg] Decamethrin[] and acaricideg] Fenbutatin] 
were applied 5 times per year. Pesticides were applied 
when overwintering pests resumed activity at the end of 
March. During the growing season[] insecticides were 
sprayed 3 times to control insects that fed on buds[] 
leave] blooms and developing fruit. To control fruit 
borers[] insecticides were sprayed in the middle of 
August. From 2000 to 2002[] pesticides were sprayed 
four timed] in the end of March[] the middle of May{] 
the end of June and the beginning of August 
respectively[] every year in the treatments. These 
treatments were located in the conventional management 
area with similar natural conditions such as topography[] 
geographical features and soil texture except with 
different intercrop strategies. Each of the treatments was 
replicated three times[] for each replicate at least 666.7 
m was surveyed. The distance between treatments was 
at least 500 m. 
2.2 Sampling methods 
In each treatment[] five jujube-trees were chosen 
according to the chessboard sampling method to monitor 
the population dynamics of the arthropods. The jujubes 
of each treatment were monitored every 10 days from 
March Ist to October 30th every year. On each 
sampling date[] each of the five jujubes at each 
treatment was observed from four different directions 
[] Eastl] West[] South and North[]. At each direction[] 
three levels of canopy] upper[] middle and lower[] were 
monitored. At each canopy levell]  first{] the 
investigators spent approximately 2 min to look for 
arthropods and record numbers observed. Flitting 
arthropods were captured with a sweep nel] diameter 30 
cml] 50 cm deep[] made with white nylon yarn[]. The 
net-captured arthropods were brought back to the 
laboratory for identification. Secondly[] three 50 cm 
twigs were chosen at each canopy level to check the 
presence of arthropods. Thirdly[] 15 jujube-fruits were 
checked from different directions at each canopy level of 
jujube at each sampling date to monitor arthropods in 
the jujube fruit from July to October. For unemerged 
arthropods[] hosts of arthropods were brought back to the 
laboratory and reared in petri dishes[] 10 cm in 
diameter] 2 cm in height{] under an ambient 


photoperiod of 13:110 L:DU hO with room temperature 
fluctuating between 18°C and 23°C and a relative 
humidity of 60% + 10%. Once emerged[] arthropods 
were identified] Liu et al .[] 1995[] Shi et al .[] 1998[]. 

Besides sampling on trees[] soil under the sampled 
jujubes was also checked for arthropods on each 
sampling date. Four samples were taken from each of 
five sampled jujubes at each treatment. Each sample 
consisted of the top 20 cm of soil from a 100 cm by 100 
cm area. The sampled soil was observed for the 
presence of arthropods[] and then sieved. Any 
arthropods extracted from the soil were recorded. After 
counting[] any arthropods were returned to the soil at its 
original sample site. 

Arthropod was divided into _ phytophages[] 
predators[] parasites[] and other groups according to 
Root’ s concepts Adans[] 1985[]. The other groups 
included those neutral insects and scavenging insects 

O Shi et al .[] 2002aL] 2002bU] 20031]. 

Jujube fruit{] cotton and soybean in each treated 
plot were harvested at the end of the season and the 
averaged yield of 3 years was transformed into the net 
retum] RMBO ¥ [/666.7 m’{] and then compared 

O Shif] 20010. 
2.3 Statistical analyses 

All species and individuals of each species of 
arthropod observed during each sampling date in 3 years 
were calculated as total numbers per 5 jujubes. The 
original data were converted into monthly average per 
sampled site. The Shannon-Wiener diversity indeX] H0 
was applied to measure the species diversity of 
arthropod communitied_] Simpsom[] 1949[] Simpson and 


Cracraft{] 1995[]] H = - Xp linpi) i = 102030...0 
si P; = N;/ NU N; was fhe total number of the ith 
speciesL] N was the total number of all species[] s 
represented ith species. The species evennes{] E[] of 
arthropod communities was measured with the formula[] 
E = H/InS{] S was the number of species. Dominant 
degree index of Berger-Parker[] Odum[] 1983[] was 
calculated] J = Nonax/ NTO Nmax was the total number 
of the dominant speciesL] NT was the total number of all 
species including the dominant species. Relative 
stability value was calculated by using S,/S[] the 
number of species/the number of individuals[{] and S,,/ 
S,U the species of natural enemy/the species of 
phytophagous group[]] Gao et al.[] 1992{]. All data 
were analyzed by a one-way ANOVA followed by 
Tukey’ s test to compare the differences among the four 


different experimental sites at the P = 0.05 level of 
significancd ] SPSS 1999[]. 


3 RESULTS 


3.1 Comparison of arthropod community in four 
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different treatments 
The results from Table 1 showed that there were 
significant difference{] P < 0.05[ of species numbers 
of arthropods in the four different experimental sites. 
The species numbers of arthropods in the treatment with 
weeds were the larges] P < 0.05[[] this was followed 
by the treatments of interplanted soybean/cotton[] 
soybean and that without weeds. The total number of 
individuals of all species of arthropods was the largest 
O P <0.05[] in the treatment without weeds[] while the 
corresponding were not obviously different in the other 
three different treatments. 
The species numbers of the phytophagous group in 
the four different treatments were significantly different 
O P< 0.050. The species numbers were the larges] P 
< 0.05[[] but total number of individuals was the least 
[O P < 0.05{] in the treatment with weeds. Howeverl] 
total number of individuals was the larges) P < 0.0500 
but the number of species was the least] P < 0.05{] in 
the treatment without weeds. The species numbers of 
the phytophagous group were significantly large] P < 
0.05LL] but total number of individuals was significantly 
less[] P < 0.05{] in the treatment interplanted with 
soybean/cotton than that in the treatment only 
interplanted with soybearl] Table 1[. 
The results from Table 1 indicated that the species 
numbers and total number of individuals of all species of 


the predatory group was the larges{] P < 0.05[] in the 
treatment with weeds. The species number was lesg] P 
< 0.05{] in the treatment without weeds. The 
differences of predatory group species numbers were not 
obvious between the treatment interplanted with 
soybean/cotton and that only with soybean. The total 
number of individuals of the predatory group was larger 

O P < 0.05] in the treatment interplanted with soybean/ 
cotton than that in the treatment without weeds and only 
interplanted with soybean. 

The species numbers and total number of 
individuals of all species of the parasitoid group were 
the largest P < 0.05[ in the treatment with weeds[] 
while the corresponding were large] P < 0.05{] in the 
treatment interplanted with soybean/cotton than the 
treatments without weeds and only interplanted with 
soybean. The differences of species numbers and total 
number of individuals were not obvious between the 
treatment interplanted with soybean and that without 
weedd] Table 1[. 

The species numbers and total individuals of all 
species of the other groups that did not belong to 
phytophagous[] predatory and parasitoid group were the 
larges{] P <0.05[] in the treatment with weeds[] while 
the corresponding were not obviously different in the 
other three different treatmentd] Table 10. 


Table 1 Comparison of arthropod community in four different treatments 


Phytophages Predators 


Parasites Other groups 





Treatments 


SN IN SN 


SN IN SN IN 





56.33+0.51 c 11109.33 + 32.06 b 33.6740.51 c 629.67411.78 c 13.67+0.51 c 


289.33+7.71 c 5.67+0.19b 102.67+1.68 b 


62.67 +0.51 b 10412.33 + 178.42 c 42.33 +0.38 b 734.67 + 16.44 b 20.33+0.38 b 511.67+7.86b 5.33+0.19b 105.67+2.41 b 


| 
l 
ll 49.67 + 0.38 d 15098.00 + 279.54 a 23.67 +0.51 d 608.33 + 17.55 c 13.6740.19 c 


283.00+5.57 c 4.67+0.19b 105.33 +2.22 b 


IV 87.33 +0.69 a 9586.00 + 105.67 d 53.67+0.84 a 1055.33 + 25.28 a 30.6740.51 a 822.67+11.44 a 13.00+0.33 a 130.3345.42 a 


SN] Species number{] INQ] Individual number. | [] Treatment intercropped with soybean{] I| [] Treatment intercropped with soybean/cotton[] II [] Treatments without 
weeds[] IV [ Treatments with weeds[] the same for Table 2 — 3[ the other groups included neutral insects and scavenging insects. Values within columns are the mean 
+ SE in 3 years. Values within columns followed by the same letter are not significantly differen{] P = 0.050. 


3.2 Comparison of the diversity[] evenness and 
dominant degree of arthropod community in four 
different treatments 

The species diversity in the different treatments 
differed. The results from Table 2 indicated that the 
diversity indices of arthropods in the treatment with 
weeds were the largest] P < 0.05[[ this was followed 
by the treatment intercropped with soybean/cottorl] P < 
0.050. There were no differences between the treatment 
intercropped with soybean and that without weeds. In 
phytophages[] the diversity indices in the treatment with 
weeds were the largest P < 0.05[{]] but they were 
significantly different | P < 0.05[] between the 
treatment intercropped with soybean/cotton and that 
without weeds. There were no differences between the 
treatment intercropped with soybean and the treatments 
soybean/cotton and soybean. 


without weeds or 


Significant differences] P < 0.05[] of predators were 
recorded in the four different treatments. The diversity 
indices of parasites and the other groups in the 
treatment with weeds were the largesi] P < 0.05L[]] and 
a significantly larget] P < 0.05[ diversity was obtained 
in the treatment intercropped with soybean/cotton than 
in those intercropped with soybean and without weeds. 
The differences were not obvious between the treatment 
intercropped with soybean and that without weeds 
O Table 2[]. 

Evenness indices of arthropods and the other 
groups were the largesi] P < 0.05[ in the treatment 
with weeds[] while it was the lowest] P < 0.05) in the 
treatment without weeds. There were no differences of 
arthropods and the other groups between the treatments 
intercropped with soybean/cotton and soybean. The 
evenness of phytophages was the larges P < 0.05[] in 
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the treatment with weeds. There were significant 
differences[] P < 0.05[] of phytophages between the 
treatments intercropped with soybean/cotton and without 
weeds. There were no differences of phytophages 
between the soybean and without weeds treatments or 
soybean/cotton and soybean treatments. The evenness 
of parasites were the largest{] P < 0.05[] in the 











Table 2 Comparison of the diversity| 





treatment with weeds] this was followed by the 
treatment intercropped with soybean/cotton[] P < 
0.05[]. The differences were not obvious between the 
treatment intercropped with soybean and the treatment 
without weeds. Significant differences[] P < 0.05{] of 
evenness of predators were recorded in the four different 
treatmentq] Table 2[]. 


evenness and dominant degree of arthropod community in four different treatments 





Index Treatments Arthropods Phytophages Predators Parasites Other groups 
I 1.259 + 0.020 c 1.419 + 0.013 cb 1.450 + 0.0204 c 1.339 + 0.005 c 1.329 + 0.013 c 
H I 1.425 + 0.010 b 1.496 + 0.015 b 1.568 + 0.0107 b 1.416 + 0.009 b 1.410 + 0.004 b 
Ill 1.167 + 0.007 c 1.180 + 0.015 c 1.131 + 0.0052 d 1.119 + 0.002 c 1.043 + 0.025 c 
lV 1.583 + 0.028 a 1.654 + 0.014 a 1.843 + 0.0314 a 1.638 + 0.025 a 1.830 + 0.039 a 
I 0.289 + 0.012 b 0.221 + 0.005 be 0.256 + 0.0010 c 0.269 + 0.008 c 0.276 + 0.009 b 
E I 0.333 + 0.010 b 0.261 + 0.008 b 0.327 + 0.010 b 0.312 + 0.013 b 0.312 + 0.013 b 
Il 0.195 + 0.003 c 0.181 + 0.006 c 0.168 + 0.003 d 0.181 + 0.002 c 0.173 + 0.006 c 
lV 0.527 + 0.015 a 0.481 + 0.024 a 0.592 + 0.049 a 0.511 + 0.012 a 0.616 + 0.016 a 
I 0.083 + 0.001 b 0.174 + 0.004 b 0.125 + 0.002 c 0.123 + 0.004 c 0.171 + 0.002 a 
I 0.074 + 0.002 be 0.152 + 0.003 be 0.152 + 0.002 b 0.159 + 0.003 b 0.151 + 0.001 a 
X Il 0.135 + 0.003 a 0.230 + 0.004 a 0.119 + 0.002 c 0.125 + 0.002 c 0.155 + 0.001 a 
lV 0.068 + 0.002 c 0.117 + 0.003 c 0.228 + 0.005 a 0.236 + 0.003 a 0.115 + 0.003 b 


H{] Diversity index{] E[] Evenness index{] D[] Dominant degree. The other groups included neutral insects and scavenging insects. Results are the mean + 


SE of 


3 years. H[] E or D values within columns followed by the same letter are not significantly different] P = 0.050. 


Dominant degrees of Berger-Parker of arthropods 
and phytophages were the largest] P < 0.05[] in the 
treatments without weeds. The differences were 
significantly larger] P < 0.05] in the treatments 
intercropped with soybean than in that with weeds. 
There were no significant differences of dominant 
degrees of arthropods and  phytophages between 
treatments intercropped with soybean/cotton and that 
with weeds or between soybean/cotton and soybean 
treatments. The dominant degrees of predators and 
parasites appeared largest[] P < 0.05[ in the treatment 
with weeds[] this was followed by the soybean/cotton 
treatments. There were no significant differences of 
dominant degrees of predators and parasites between the 
treatments intercropped with soybean and the treatment 
without weeds. In the other groups[] a significantly 
lowet] P < 0.05[] dominant degree was recorded from 


the treatments with weeds and there were no obvious 
differences in the other three different treatment¢] Table 
20. 
3.3 Comparison of the relative stability value of 
arthropod community in four different treatments 
The results from Table 3 indicated that the relatively 
stable S,/S; values were larges[] P < 0.05[] in the 
treatments with weeds in each month of the 3 year study. 
In March] April[ July[] August and October significantly 
larger S,/S; values were in the treatments with soybean/ 
cotton than in the treatments without weeds and the 
treatments with soybean. There were no differences of S,/ 
S; values between the treatments without weeds and with 
soybean. There were significant differenced] P < 0.050 
of S,/S; in May and June values but not in September 
among the treatments with soybean[] soybean/cotton[] and 
without weeds. 


Table 3 Comparison of the relative stability value of arthropod community in four different treatments 





Index Treatments Mar. Apr. May Jun. Jul. Aug. Sep. Oct. 
I 0.037+0.001 c 0.022+0.001 c 0.014+0.001 b 0.018+0.001 c 0.01440.001 be 0.018 +0.001 be 0.027+0.001 b 0.019 + 0.001 c 
S, / S; I 0.067+0.001 b 0.038+0.001 b 0.031 +0.002a 0.02940.002 b 0.020+0.002 b 0.026+0.002 b 0.041 0.002 b 0.054 + 0.002 b 
value Il 0.035+0.001 c€ 0.017+0.004¢ 0.003+0.001 c 0.006+0.001 d 0.009+0.001 c 0.010+0.001 c 0.033+0.002 b 0.023 + 0.001 c 
WV 0.455+0.002 a 0.052+0.002 a 0.037+40.002 a 0.039+0.002 a 0.053+0.002 a 0.065+0.003 a 0.07140.002 a 0.090 + 0.003 a 
I 0.462+0.011 c 0.287+0.006c 0.389+0.014 ce 0.351 +0.007 c 0.512+0.005 ¢ 0.527+0.015 b 0.253 +0.015 b 0.390 + 0.006 b 
S,/S, I 0.641 +0.021 b 0.474+0.007 b 0.56040.018 b 0.87540.011 b 0.849+0.019 b 0.694+0.019 b 0.364+0.008 b 0.457 + 0.008 b 
value Il 0.243 +0.002 d 0.286 +0.006 c 0.311 +0.003 c 0.319+0.013 ce 0.341+0.010d 0.305+0.011 e 0.199+0.011 c 0.156 + 0.003 c 
V 0.842 +0.006 a 0.839+0.008 a 0.836+0.023a 1.235+0.045a 1.291 +0.075a 0.861+0.021 a 0.816+0.016 a 0.849 + 0.027 a 


S,/ S; value[] Number of species/Number of individual[]S,, /S, value[Species of natural enemy group/Species of phytophagous group. Results are the mean + SE of 3 years. S,/S; or S,/S, 


value{] mean + SE of 3 years[] within columns followed by the same letter are not significantly differen{] P = 0.050. 
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The relatively stable S,,/S, values were largesi] P 
< 0.051] in the treatments with weeds for each month 
in all 3 years. There were significant differenced] P < 
0.05{] of S,/S, values in May and July among the 
treatments intercropped with soybean[] soybean/cotton 
and without weeds. In April] May and June S,/S; 
values were significantly larger[] P < 0.05[] in the 
treatments with soybean/cotton[] but there were no 
differences between the treatments with soybean and 
without weeds. In August[] September and October S,/ 
S; values were significantly lowe] P < 0.05[] in the 
treatments without weeds but there were no differences 
between treatments with 
soybearl] Table 30. 

3.4 Comparison of the net income in the different 
treatments 

Significantly larger] P < 0.05[] net income 

[O 3 401.5 + 30.760 ¥ /666.7 m?[] was recorded from 
the treatments with soybean/cotton than the other three 
treatments. This was followed by the treatments with 
soybear{]] 3 110.5 + 22.27[] ¥ /666.7 m°[[] and the 
treatments without weed$ |] 2 841.0 + 26.87[] ¥ /666.7 
m’[]. The treatments with weed{]] 2 804.5 + 30.760 
¥ /666.7 m’[] had the lowest net returr{] Shi[] 20010. 


soybean/cotton and only 


4 DISCUSSION 


The community structures of arthropods in the four 
different treatments were different in family[] species 
and number of individuals. Over the 3 year study[] we 
found that the number of species were largest P < 
0.05] in the treatments with weeds[] followed by the 
treatments interplanted with soybean/cotton[{] while the 
corresponding were leasi[] P < 0.05{] in the treatment 
without weeds. On the contrary[] the number of 
individuals of arthropods and the phytophagous group 
were largest P < 0.05[] in the treatment without 
weeds. The individuals within the phytophagous group 
were larger[] P < 0.05[[ but that of predators and 
parasites les$] P < 0.05[ in the treatment intercropped 
with soybean than that in treatments intercropped with 
soybean/cotton. More crops and remaining weeds in the 
treatments were beneficial for setting up a diverse jujube 
orchard agro-ecosystem and kept the competition 
between species in balance. The weeds and crops 
provided the arthropods with enough medial hosts[] food 

[O prey[] pollen and honey[[] and places for concealing[] 
inhabiting and overwintering. The weeds and crops also 
help lure arthropods around other plants into the 
interplanted jujube orchards. 

In different treatments[] diversity and evenness of 
predators were significantly differen] P < 0.05{]] but 
that of parasites was not obvious between treatments 
intercropped with soybean and without weeds[] Table 


21]. This result further indicated that more crops and 
remaining weeds could reduce the possibility of natural 
enemies migrating out[] Root{] 1973[] Risch{] 1981{]. 
This result also supports Letournear{] 1983[] who found 
that larvae number of Diaphania hyalinata Walker was 
larger and that parasitic ratios of natural enemies on the 
eggs and larvae of D. hyalinata were lower in mono- 
cultivated pumpkin sites than in pumpkin sites 
intercropped with soybean or maize. 

The relationship between diversity and stability has 
always been an important problem discussed in 
theoretical ecology] MacArthur] 1955] Elton[ 19580 
Watt{] 19650] Margalef] 19680 Hurbl] 19710 Odum[] 
19710 MayL] 1973[] Emden and WilliamsO 19740 
Goodman[] 1975[] May[] 1976[]. In agro-ecosystems[] 
the relationship between diversity and stability is[] in 
the final analysis[] whether or not increasing plant 
diversities can result in the decrease of pest populations 
and maintain little fluctuation in their low level] Hou 
and Sheng[] 1999[]. There were more studies about the 
relationship between plant diversity and pest population 
dynamics. Some experiments proved that phytophagous 
insects on target host plants could be decreased by a 
diverse plant system[] Tahvanainen and Root[] 19720 
Root] 1975] Perrin{] 1980[] Cromartie[] 19810] Altieri 
and Letourneau[] 1982{] Altirei{] 1983[Hou and Sheng[] 
1999[]. Combinations of some crops influenced specific 
pest species[] Litsinger and Moody[{] 1976[{] Perrin{] 
1977[] Perrin and Phillips[ 19780 Andow{] 198300 and 
combinations of specific crops resulted in the decrease 
of pest numbers{] Litsinger and Moody[] 1976[] Altieri 
and Letourneau[] 1982] Andowl] 1983[]. Howeverl] 
some studies found that some crop combinations resulted 
in the increase of pest numbers[] Latheef and Irwin[] 
1980] Bhotnagar and Davies 1981[]. This study 
indicated that treatment with weeds had the largest 
relatively stable S,/S; and S,,/S, valued] P < 0.05{]] 
but the treatments without weeds had the least] P < 
0.050. Risch] 1981[] thought that an agro-ecosystem 
with wild or natural plants such as weeds normally 
possesses more species of diverse arthropods[] especially 
more species of natural enemy insects because the 
complicated environment provided refuges for them. 
The results from the relatively stable S,/S; and S,/S, 
values here indicated that there were more species of 
arthropods and natural enemies in the treatment with 
weeds. In different stages and different small habitats[] 
there were many species of phytophagous arthropods 
used as food for predators[] which made the populations 
become relatively stable and allowed broad-spectrum 
predators to be developed{] specifically predator 
populations with no possibility of large fluctuation 

O Root[] 1973]. Plant diversity increase enables natural 
insect species to increase[] therefore[] the ability of 
natural enemies to control pests also strengthens and 
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pest populations can be maintained at low levels without 
large fluctuation[] creating a stable ecosysten{] Hou and 
Sheng] 1999[]. Our study results also suggested that 
the ecosystem in the treatment with weeds was relatively 
stable because the dominant degree index of arthropod 
and phytophagous groups in the treatment with weeds 
was just 47.59% and 47.79% respectively the same as 
the treatment without weeds. Dominant species from the 
arthropod and phytophagous groups were not obvious in 
the treatment with weeds. This result also supported 
researchers who found that a mixed forest could 
effectively improve the structure of arthropod 
communities. Specifically the richness of predatory and 
parasitoid groups significantly increased and caused the 
ecological superior phytophagous group to decrease [] and 
enhanced the resistance and balance among the 
arthropod communitie{] Gao et al .[] 1992[]. 

Combinations of different plants may have different 
effects] but past research did not evaluate economic 
returns for the decrease of pest population by plant 
combination[] Shi et al.[] 1998[] Hou and Sheng[] 
1999[]. Our study suggested that intercropping more 
crops in jujube orchards was more beneficial not only in 
getting a larger net return but also in increasing 
diversity and evenness of beneficial insects and 
decreasing the degree of pest dominance[] Table 2[]. 
However{] how to intercrop and what crops would be 
more effective when interplanted need to be further 
investigated . 

In conclusion[] the integration of more intercropped 
crops and properly retaining natural plants systems with 
selective use of pesticides can be useful strategies to 
concentrate or establish beneficial insects in jujube 
orchard eco-systems. With effective utilization[] these 
can be basic components of a successful IPM program. 
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